Panicoideae (Poaceae) in the New World comprise 107 genera (86 native) and 1357 species (1248 native). As circumscribed herein, Panicoideae include eight tribes: Andropogoneae, Arundinelleae, Centotheceae, Gynerieae, Isachneae, Paniceae, Steyermarkochloeae, and Thysanolaeneae. The two major tribes are Andropogoneae with 230 species (16.95% of all New World panicoids), and Paniceae with 1082 species (79.73%). Andropogoneae are divided into nine subtribes (Andropogoninae, Anthistiriinae, Coicinae, Germainiinae, Ischaeminae, Rottboelliinae, Saccharinae, Sorghinae, and Tripsacinae), while Paniceae are divided into seven subtribes (Arthropogoninae, Cenchrinae, Digitariinae, Melinidinae, Panicinae, Paspalinae, and Setariinae). Brazil is the center of diversity of New World panicoids with 741 species (54.6% of all species). The distributions of endemic and restricted taxa were analyzed in terms of biogeographical regions and Kranz syndrome. Amphitropical disjuncts and widespread species are also discussed.
INTRODUCTION
Subfamily Panicoideae (Poaceae) includes ca. 3270 species grouped in 206 genera (Grass Phylogeny Working Group [GPWG] 2001). The subfamily is distributed worldwide, and is present on all continents except Antarctica. However, its members are dominant in tropical and subtropical areas, but are less conspicuous in temperate or coldtemperate habitats.
The subfamily was described by Link (1827) and has been recognized as a monophyletic group because of its paired florets, the lower of which is staminate or sterile (Brown 1810 (Brown , 1814 , and its distinctive simple starch grains (Tateoka 1962; Kellogg and Campbell 1987; GPWG 2001) .
In the past century several tribes were included in Panicoideae on the basis of morphological characters. Pilger (1940) distinguished three tribes: Paniceae, with six subtribes (Anthephorinae; Boivinellinae; Lecomtellinae; Melinidinae; Panicinae, which included Coelachne R. Br., Heteranthoecia Stapf, and Isachne; and Trachyinae); Andropogoneae, with six subtribes (Andropogoninae; Dimeriinae; Ischaeminae; Rottboelliinae; Saccharinae; and Sorghinae); and Maydeae. Later, Pilger (1954) raised some of the subtribes to the tribal level, recognizing, along with Paniceae: Anthephoreae, with a single genus, Anthephora; Arthropogoneae, with Achlaena, Arthropogon, Reynaudia, and Snowdenia C. E. Hubb.; Boivinelleae, with Boivinella A. Camus, Cyphochlaena Hack., and Perulifera A. Camus; Isachneae, with Coelachne, Heteranthoecia, Isachne, and Limnopoa C. E. Hubb.; Lecomtelleae, with Lecomtella A. Camus; Melinideae, with Melinis, Rhynchelytrum Nees, and Tricholaena Schult.; and Trachyeae, with Trachys Pers. Pilger (1954) also recognized tribes Andropogoneae and Maydeae within subfamily Andropogonoideae.
Clayton and Renvoize (1986) followed Pilger (1940 Pilger ( , 1954 in part, recognizing seven tribes in Panicoideae. The two largest tribes were Paniceae (with six subtribes, including Panicinae [ϭ Setariinae]) and Andropogoneae (with 11 subtribes), and the remaining tribes were small: Arundinelleae, Eriachneae, Hubbardieae, Isachneae, and Steyermarkochloeae. Clayton and Renvoize (1986) recognized Centothecoideae as an independent subfamily. Watson and Dallwitz (1992) accepted six tribes in the subfamily: Andropogoneae, Arundinelleae, Isachneae, Maydeae, Neurachneae, and Paniceae. These authors placed Centotheceae in Bambusoideae, Steyermarkochloeae and Eriachneae in Arundinoideae, and Hubbardieae in Isachneae.
Six tribes were recognized by the GPWG (2001): Andropogoneae, Arundinelleae, Hubbardieae, Isachneae, Paniceae, and Steyermarkochloeae. They summarized the most important characters for the subfamily, including the presence of proximal female-sterile florets and the transformation to the classical NADP-ME C 4 subtype. Other characters include the presence of one female-fertile floret per spikelet, the gain of a germination flap, and the loss of disarticulation above the glumes, a synapomorphy for Panicoideae excluding Danthoniopsis Stapf. The subfamily was characterized by the GPWG (2001) as follows: plants primarily herbaceous, mainly occurring in the tropics and subtropics, but also diverse in temperate areas; spikelets bisexual or unisexual (if the latter, plants dioecious or monoecious), frequently paired, usually dorsally compressed and disarticulating below the glumes; lodicules two; stigmas two; caryopsis with the hilum usually short; endosperm hard, containing simple or less commonly compound starch grains; embryo usually without an epiblast, with a scutellar cleft present and with the mesocotyl internode elongated. The basic chromosome number varies: x ϭ 5-9, 10 (12, 14) . The photosynthetic pathway varies from C 3 to C 4 , the latter including PEP-CK, NAD-ME and NADP-ME subtypes; there are also some C 3 /C 4 intermediates in Steinchisma. The Kranz syndrome is constant in some tribes, such as Andropogoneae, but is variable in others, e.g., Arundinelleae and Paniceae (Soreng and Davis 1998) , which suggests that this character has evolved more than once in Panicoideae (Clayton and Renvoize 1986; Giussani et al. 2001) .
The monophyly of the subfamily has been supported by every molecular phylogenetic study to date, including phylogenies of both chloroplast and nuclear genes (Soreng and Davis 1998; Giussani et al. 2001; GPWG 2001) . These results suggest that the subfamily should include, within the PACCAD clade, all genera previously included within Centothecoideae, and Gynerium (formerly in Arundinoideae). Soreng and Davis (1998) suggested that Centotheceae should be assigned to Panicoideae, along with isolated genera previously classified in Arundinoideae. These authors indicated that their conclusions are supported by previous molecular studies ( Barker et al. 1995, using rbcL sequences; Clark et al. 1995 , using ndhF sequences), in which Centotheceae and Thysanolaena (Arundinoideae) are embedded within Panicoideae. Duvall et al. (2007) have proposed that Isachne and Eriachne R. Br. should be excluded from Panicoideae, because they are closely related to Micraira F. Muell. Also, Sánchez-Ken and Clark (2007) have provided new insights into relationships in the Panicoideae-Centothecoideae clade, using three data sets that also showed Gynerium as sister to Panicoideae.
The purpose of this work is to present a tentative classification for Panicoideae, on the basis of New World taxa, to discuss morphological characters, and to present biogeographical trends for genera and species within the subfamily.
METHODS
As part of the ongoing Catalogue of New World Grasses project Soreng et al. 2000 onwards; Peterson et al. 2001; Soreng et al. 2003; Zuloaga et al. 2003) , the geographic distributions of all accepted taxa (native and introduced) were recorded at the level of country with the Caribbean nations treated as a single unit. This paper represents a summary of distribution patterns of the native species. All of the original data are available online at http:// mobot.mobot.org/W3T/Search/nwgc.html (Jun 2005) .
To analyze the distributions of endemic taxa, we followed the classification of floristic regions of the world proposed by Takhtajan (1986) . CLASSIFICATION In our classification of Panicoideae in the New World (Table 1; http://mobot.mobot.org/W3T/Search/nwgclass.html) we recognize eight tribes (Andropogoneae, Arundinelleae, Centotheceae, Gynerieae, Isachneae, Paniceae, Steyermarkochloeae, and Thysanolaeneae), with nine subtribes in Andropogoneae (Andropogoninae, Anthistiriinae, Coicinae, Germainiinae, Ischaeminae, Rottboelliinae, Saccharinae, Sorghinae, and Tripsacinae) and seven subtribes in Paniceae (Arthropogoninae, Cenchrinae, Digitariinae, Melinidinae, Panicinae, Paspalinae, and Setariinae). This realignment is based on previous morphological and molecular work (Clayton and Renvoize 1986; Watson and Dallwitz 1992; Gómez-Martinez and Culham 2000; Zuloaga et al. 2000; Giussani et al. 2001; GPWG 2001; Sánchez-Ken and Clark 2001; Barber et al. 2002; Aliscioni et al. 2003) .
New World Panicoideae include a total of 107 genera and 1357 species (with 21 genera and 109 species introduced) distributed in eight tribes, six (Arundinelleae, Centotheceae, Gynerieae, Isachneae, Steyermarkochloeae, and Thysanolaeneae) comprising a small number of genera and species, while Andropogoneae and Paniceae hold the majority of native and introduced genera and species (Table 2) .
Axonopus, Digitaria, Panicum, Paspalum, and Setaria are the five largest genera of Panicoideae in the New World (Table 3) , and together they account for 51.44% of all native New World panicoids.
Andropogoneae
Recent phylogenetic studies have questioned the monophyly and subtribal classification of Andropogoneae (Mason-Gamer et al. 1998; Spangler et al. 1999; Kellogg 2000) . Kellogg (2000) indicated that none of the accepted subtribes are monophyletic, and that further studies are necessary to obtain a more confident understanding of the phylogeny of the group. For current classification purposes, and acknowledging the necessity of future studies in the group, we follow Filgueiras (2003) , who adopted the classification of Clayton and Renvoize (1986) for the Catalogue of New World Grasses.
The tribe, the second largest in Panicoideae, includes taxa with spikelets paired, usually with one spikelet sessile and the other pedicelled, alike or dissimilar, the sessile spikelet being bisexual and the pedicelled spikelet male or barren. The basic chromosome number is commonly x ϭ 5, occasionally 9 (Clayton and Renvoize 1986) , and all taxa are C 4 , XyMSϪ. Clayton and Renvoize (1986) included 85 genera and ca. 960 species in the tribe, which has a broad distribution throughout the tropics. Andropogoneae include 35 genera and 230 species in the New World, grouped in nine subtribes. Subtribes Andropogoninae (4 gen./81 spp.), Sorghinae (6/54), and Saccharinae (7/30) have the greatest number of genera and species in the tribe (Table 2) . Endemic genera are present in Anthistiriinae and Tripsacinae (Table 1) .
Andropogon, Bothriochloa, and Schizachyrium have 49, 25, and 23 species, respectively, while the remaining genera each have 1-14 species. It is notable that 15 genera are introduced: Apluda, Arthraxon, Chrysopogon, Coix, Cymbopogon, Dichanthium, Eremochloa, Euclasta, Hyperthelia, Microstegium, Miscanthus, Pogonatherum, Polytrias, Rottboellia, and Themeda. This accounts for the majority of introduced genera in Panicoideae. Three genera are endemic: Agenium (South America), Tripsacum (North America, Mesoamerica, and northern South America), and Zea (Mexico and Central America).
Arundinelleae
Arundinelleae have a worldwide distribution, but most members occur in the Old World tropics. The tribe includes four genera in America usually found in savanna woodlands New World Panicoideae Renvoize (1982) , Clayton and Renvoize (1986) , and Watson and Dallwitz (1992) . Clayton and Renvoize (1986) and Kellogg and Watson (1993) considered Arundinelleae to be phylogenetically basal to Andropogoneae. However, recent molecular evidence (Mason-Gamer et al. 1998; Spangler et al. 1999; Kellogg 2000) indicates the tribe is polyphyletic, and that Arundinella should be included in Andropogoneae. Also, Barker et al.'s (1995) rbcL data placed Tristachya sister to Hyparrhenia within the Andropogoneae clade. In the present treatment Arundinelleae are still treated as a separate tribe ALISO Zuloaga, Morrone, Davidse, and Pennington Table 3 . Numbers of species in the five largest genera occurring in the five New World countries most diverse in Panicoideae (see Table 5 ). in its traditional circumscription until molecular phylogenetic studies that include all genera of the tribe can be conducted.
Centotheceae
The position of Centotheceae has been unstable in classifications over the past four decades. The tribe was raised to subfamily level by Soderstrom (1981) , a decision followed by Clayton and Renvoize (1986) , emphasizing the centothecoid embryo and leaf anatomical characters, mainly the palisade arrangement in the mesophyll. As previously mentioned, Soderstrom (1981) , Watson et al. (1985) , and Watson and Dallwitz (1992) included the tribe within Bambusoideae, while Barker et al. (1995) , Clark et al. (1995) , Soreng and Davis (1998) , Gómez-Martínez and Culham (2000) , and Sánchez- Ken and Clark (2003) pointed out, based on molecular characters, the relationship of Centotheceae with Panicoideae.
Centotheceae, as treated here, include five genera: Chasmanthium, with five North American species; Orthoclada, with one tropical American and one tropical African species; Zeugites, with ten species distributed from Mexico and the West Indies to Bolivia; and Calderonella and Pohlidium, both monotypic, the former in Panama and Colombia and the latter restricted to Panama. Centotheceae are distinguished by spikelets one-to many-flowered, often compressed laterally; embryo with an epiblast, scutellar cleft, and mesocotyl internode present; mesophyll nonradiate, often with an adaxial palisade layer; and a basic chromosome number of x ϭ 12. All species are C 3 .
Gynerieae
Tribe Gynerieae includes one Neotropical genus, Gynerium, known as ''caña brava'' or ''giant reed,'' and is distinguished by distichous leaves, leathery blades with wide midribs, dioecy, and plumose pistillate inflorescences. It has a basic chromosome number of x ϭ 11 and is C 3 . The monotypic genus is distributed from Mexico and the West Indies to northwestern Argentina, and it is found along river margins or in swampy places. On the basis of morphology the genus has been placed, together with other reedlike grasses (e.g., Arundo L., Phragmites Adans.), in Arundineae (Renvoize 1981; Clayton and Renvoize 1986; Conert 1987; Nicora and Rúgolo de Agrasar 1987) . Hitchcock (1914) placed the genus in Festuceae, Caro (1982) in Cortaderieae, and Watson and Dallwitz (1992) in Danthonieae. More recently, based on molecular studies, Hsiao et al. (1998 Hsiao et al. ( , 1999 classified Gynerium in Arundinoideae. On the contrary, Barker (1997), based on rbcL sequences, assigned the genus to the Panicoideae ϩ Centothecoideae clade, as sister to Panicoideae or sister to Thysanolaena within Centothecoideae. The GPWG (2001) , in their combined study of morphological and molecular data, confirmed that Gynerium is located within the Panicoideae ϩ Centothecoideae clade. Finally, Sánchez-Ken and Clark (2001) proposed the new tribe Gynerieae in the Panicoideae ϩ Centothecoideae clade.
Isachneae
Isachneae are represented by a single genus, Isachne, and 12 species in America, and there are several genera and nearly 110 species in the Old World tropics. The tribe has long been considered part of Panicoideae (Brown 1810; Hackel 1887; Pilger 1954; Clayton and Renvoize 1986; Watson and Dallwitz 1992; GPWG 2001) . It is characterized by biflowered spikelets, the lower floret bisexual and the upper floret bisexual or pistillate. Species of the tribe occur only in the tropics in forest interiors, forest edges, or open aquatic habitats. All species are nonKranz and have a basic chromosome number of x ϭ 10.
Recent molecular studies (Duvall et al. 2007; Sánchez-Ken and Clark 2007) suggest that Isachne is closely related to the Australian genus Micraira, and that both genera, plus others, should be reassigned to a new subfamily in the PAC-CAD clade.
Paniceae
Classification of tribe Paniceae, the largest in Panicoideae, has been extensively discussed. Many classifications have been proposed. Pilger (1940) , Hsu (1965) , Butzin (1970 ), Brown (1977 , and Clayton and Renvoize (1986) used different morphological characters (e.g., spikelets arranged in open and lax panicles, the spikelets borne on long or short pedicels, vs. disposed in unilateral inflorescences branches), together with anatomical and karyological characters, for their classifications. Spikelet compression is usually dorsiventral, while the upper floret is indurate. Two main anatomical and physiological types are found, nonKranz and Kranz. The most common basic chromosome numbers are x ϭ 9 and 10.
However, recent morphological and molecular studies have questioned the monophyly of the tribe and also its subtribal classification; consequently we are still searching for a natural grouping of Paniceae (Gómez-Martínez and Culham 2000; Zuloaga et al. 2000; Duvall et al. 2001; Giussani et al. 2001; Aliscioni et al. 2003) . Molecular studies (Gó-mez-Martínez and Culham 2000; Giussani et al. 2001; Aliscioni et al. 2003) have shown that the genera are initially grouped according to basic chromosome number, one clade x ϭ 10 and the other x ϭ 9, the former linked to Andropogoneae. A morphological analysis , in which neither Andropogoneae nor the basic chromosome number as a character were included, gave similar results for several groupings of genera in the tribe. These results suggest that Paniceae could even be split into two tribes.
Also, Panicum, one of the most controversial genera in the tribe, has been scrutinized (Giussani et al. 2001; Aliscioni et al. 2003) , showing that the genus is not monophyletic and recircumscription is needed. As a result, we treat Panicum in a strict sense, with species having open inflorescences, a basic chromosome number of x ϭ 9, C 4 photosynthesis of the NAD-ME subtype, and an indurated upper anthecium. Some of the other taxa previously positioned in Panicum have been placed in other genera, while other Panicum species or sections are in need of further study before nomenclatural changes can be entertained. The latter are identified as Panicum incertae sedis in Table 1 . Several subtribes are here recognized. All genera of the x ϭ 10 clade are grouped in subtribes Arthropogoninae and Paspalinae. The other subtribes of Paniceae are within the x ϭ 9 clade (Giussani et al. 2001 ) and include Cenchrinae, Digitariinae, Melinidinae, Panicinae, and Setariinae.
Arthropogoninae.-This subtribe is represented by four genera, each with one or a few species: Achlaena, Altoparadisium, Arthropogon, and Reynaudia. Achlaena and Reynaudia are monotypic and restricted to Cuba. Altoparadisium and Arthropogon have two and three species, respectively, in cerrados of Bolivia and Brazil. The subtribe is characterized by spikelets laterally or dorsiventrally compressed, glumes awned, upper anthecium hyaline, and the lower palea reduced or absent. There is a trend towards reduction of the number of spikelet bracts, from species of Arthropogon that possess both glumes and both florets to the extreme condition in Altoparadisium where only the upper glume and lower lemma may be present (A. chapadense). All species have Kranz anatomy of the MS, NADP-ME subtype. Based on morphological characters, genera of the subtribe form a clade, although one species of Melinis is also included (Filgueiras et al. 2001) . Recent molecular analyses (Giussani et al. 2001) grouped Altoparadisium and Arthropogon in a strongly supported clade within the x ϭ 10 clade, while Melinis appeared related to Moorochloa in the x ϭ 9 clade.
Cenchrinae. -Giussani et al. (2001) , in a phylogenetic study of Panicoideae based on the ndhF gene, found that Cenchrus, Paspalidium, Pennisetum, Setaria, and Stenotaphrum form a robust clade. These genera are characterized by the occurrence of bristles (sometimes highly modified, as in Cenchrus) in the inflorescences. The bristles may have very different positions in the inflorescence. In some cases they are in a terminal position on the inflorescence or inflorescence branches or they subtend individual spikelets. Clayton and Renvoize (1986) stated that bristles are not homologous within members of this group. However, molecular studies (Gómez-Mártinez and Culham 2000; Giussani et al. 2001) suggest that the bristles have a common evolutionary history. Also, morphological studies indicate that Cenchrus and related genera constitute a clade, and they share the presence of a point of articulation at the base of first-order branches. Recently, the developmental studies of Doust and Kellogg (2002) provided strong evidence for a ''bristle clade'' and showed that small changes in the differentiation of primordial and axis ramification and elongation are responsible for most of the large differences seen in mature inflorescences. Consequently, although we here follow the circumscriptions of Cenchrinae and Setariinae of Clayton and Renvoize (1986) , it now seems very likely that these subtribes should be merged into a single subtribe (Kellogg et al. 2003) .
Cenchrinae include four genera, none endemic, in the Americas. Three genera have an involucre of bristles falling with each spikelet: Anthephora, with one species; Cenchrus, with 15 species; and Pennisetum with 36 species, some introduced. The monotypic Paratheria has a single bristle falling with each spikelet. All genera are Kranz, of the MS subtype (ϭ NADP-ME).
Digitariinae.-Digitariinae contain a single genus, Digitaria, with 89 species (three introduced from the Old World) that occur in tropical and warm-temperate regions from the USA to Argentina and Chile. Common in open places, roadsides, and streamsides, several species are weeds and others are cultivated in pastures. The genus is distinguished by spikelets with a reduced lower glume, upper anthecium cartilaginous, and upper lemma margin thin and not inrolled. All species are C 4 , of the NADP-ME subtype. (Aliscioni et al. 2003) . Two photosynthetic pathways are present in the subtribe: nonKranz (in Acroceras, Cyrtococcum, Dichanthelium, Lasiacis, Oplismenus, Pseudechinolaena, and incertae sedis species of Panicum) and Kranz (Echinochloa, of the NADP-ME subtype, and Panicum s.s., of the NAD-ME subtype).
Paspalinae.-As in Arthropogoninae, in this subtribe there is also a trend towards reduction of the number of bracts in the spikelet, with some genera (e.g., Axonopus and Paspalum) having species whose spikelets have only a lower lemma and an upper floret. Also, taxa of Paspalinae have spikelets usually arranged in unilateral inflorescence branches and are either nonKranz or Kranz of the MS, NAPD-ME subtype. It is worth emphasizing that 23 genera, of 28 total, are endemic in the New World and only one genus, Alloteropsis, is introduced in the Americas from the Old World. Paspalum and Axonopus are the largest genera, with 285 and 83 total species, respectively, the New World representatives of which are distributed from the USA to Argentina, Uruguay, and Chile; these genera have only a few native species in the Old World. Mesosetum includes 26 species from Mesoamerica to Brazil and Argentina. Thrasya has 22 species (see discussion of the status of this genus in Denham and Zuloaga 2007) , and Ichnanthus has 31 species in the New World tropics, with one species, I. pallens (Sw.) Munro ex Benth., having a pantropical distribution. A total of 11 endemic genera are monotypic. Of these, nine occur in South America (Acostia, Canastra, Centrochloa, Gerritea, Ophiochloa, Oplismenopsis, Plagiantha, Spheneria, and Tatianyx) ; Triscenia is found in Cuba; and Phanopyrum occurs in the southeastern USA. Genera confined to South America and having 2-4 species are: Anthaenantiopsis (4 spp.), Streptostachys (4 spp.), and Thrasyopsis (2 spp. restricted to cerrados of central Brazil). All other genera have 2-8 species: Amphicarpum (2 North American spp.), Anthaenantia (4 spp.), Echinolaena (6 spp.), Homolepis (5 spp.), Hymenachne (4 spp.), Otachyrium (8 spp., one widespread and all confined to South America), Reimarochloa (3 spp.), and Steinchisma (7 spp.-two widespread, one in Cuba, one in Mexico, and three in South America).
Several sections of Panicum also are included in this subtribe as incertae sedis. Their definite placement at the generic level awaits further phylogenetic and morphological study. Setariinae.-This subtribe, represented by five genera in the New World, is characterized by the presence of bristles that persist at the spikelet base after the spikelets have fallen. Setaria has nearly 140 species worldwide, mostly in the tropics and subtropics of Africa, Asia, and the New World (60 spp.). Paspalidium, as circumscribed in this treatment, has six species with unilateral, distant branches on the inflorescences; Veldkamp (1994) and Webster (1995) transferred species of this genus to Setaria. Setariopsis, with two species, and the monotypic Ixophorus, are endemic to the New World, while Stenotaphrum is pantropical. The subtribe has Kranz anatomy, of the MS (ϭ NADP-ME) subtype.
Steyermarkochloeae
Davidse and Ellis (1984) , when describing the new genus Steyermarkochloa, created the new tribe Steyermarkochloeae for it, and largely on the basis of anatomical characters placed it within subfamily Arundinoideae. They compared it with Arundo, Gynerium, Phragmites, and Thysanolaena, all genera with anomalous anatomical characters, but because of numerous morphological differences considered the genus to be a peripheral and best placed in its own specialized tribe. Later, Davidse and Ellis (1987) placed the newly described genus Arundoclaytonia in Steyermarkochloeae, still included in Arundinoideae. Watson and Dallwitz (1992) followed Davidse and Ellis (1984) , but expressed doubt regarding the position of Steyermarkochloeae, indicating a possible relationship with Bambusoideae. Clayton and Renvoize (1986) classified Steyermarkochloeae in subfamily Panicoideae, pointing out ''an obvious resemblance of Steyermarkochloa to Hymenachne,'' which was clearly only a very superficial one. Sánchez-Ken and Clark (2007) have indicated, based in part on a partial ndhF sequence, that the position of Arundoclaytonia is unstable in the PACCAD clade. We retain, for the time being, Steyermarkochloeae within Panicoideae by virtue of their unisexual, dorsally compressed spikelets that disarticulate below the glumes and fall as a unit. Both genera are nonKranz, while chromosome numbers are unknown. Steyermarkochloeae include two endemic and monotypic South American genera which share similar unisexual spikelets, multiflowered male spikelets, two stamens per flower, and lack lodicules. Arundoclaytonia is found in white sand savannas of the Amazon region. The genus is characterized by its caespitose habit; basal culm internodes numerous, proliferating, and lignified; cauline leaves with spiral phyllotaxy; inflorescences compact, aggregated into a false panicle; spikelets mostly unisexual; male spikelets 3-13-flowered, bearing two stamens per flower; female spikelets three-flowered, with only the middle floret fertile, the palea convolute and many-nerved; lodicules absent; stigmas and stamens terminally exserted; and the caryopsis fusiform with an ellipticpunctate hilum. Steyermarkochloa, the other genus, grows in the Amazonian llanos of Colombia, Venezuela, and adjacent Brazil, in seasonally flooded savannas. The genus has dimorphic culms and leaves, with solid sheaths and cylindrical and flattened blades, a unique foliar morphology within grasses (Davidse and Ellis 1984) . Spikelets are mostly unisexual, three-flowered, and the terminal floret is always rudimentary. Male and the few bisexual spikelets usually have two fully developed florets.
Thysanolaeneae
Tribe Thysanolaeneae has one monotypic, introduced, and ornamental Asiatic genus, Thysanolaena, present in the Caribbean, USA, and El Salvador and possessing dimorphic flowers and spikelets with a rachilla extension, the spikelet falling as a single unit with the attached pedicel. The biflowered spikelets falling entire at maturity are characters linking this tribe to Panicoideae. The genus has a basic chromosome number of x ϭ 11 or 12 (Watson and Dallwitz 1992) and is C 3 . Hilu and Wright (1982) noted that Thysanolaena has been included in five different tribes, Arundineae, Arundinelleae, Paniceae, Thysanolaeneae, and Tristegineae. However, their phenetic analysis provided strong evidence for the independence of the tribe and they mentioned that it is related to Centothecoideae, a hypothesis confirmed in the subsequent molecular studies of Barker et al. (1995) , Barker (1997), and Clark et al. (1995) . Clayton and Renvoize (1986) also recognized the tribe but placed it in Arundinoideae.
BIOGEOGRAPHY
Subfamily Panicoideae is best represented in tropical and subtropical regions of the world. Hartley (1958a, b) pointed out that Paniceae and Andropogoneae may have originated in tropical areas of the Old World, most likely in eastern Africa and Madagascar. Centers of diversity in eastern Africa, India/China, and Australia have been discussed by Hartley (1958a, b) and Cross (1980) .
Of the 206 genera and 3270 species included in Panicoideae (GPWG 2001) , 44 of the 86 native genera and 1248 species are restricted to the New World (Tables 1, 2) , with a total of 911 species confined to one or two of the subregions here considered (Appendix 1). Nearly endemic to the New World are the very species-rich genera Axonopus (with one Old World vs. 83 New World spp.) and Paspalum (with six Old World vs. 285 New World spp.). Of the restricted genera and near-endemics Axonopus and Paspalum, the following are more or less widespread: Anthaenantia, Axonopus, Chaetium, Echinolaena, Gynerium, Homolepis, Ixophorus, Lasiacis, Mesosetum, Paspalum, Reimarochloa, Setariopsis, Steinchisma, Thrasya, Tripsacum, and Zeugites; 22 .55% of the restricted species are widespread from North to South America. Nevertheless, many of the genera are not equally distributed throughout the American continents. They tend to be more concentrated in one or more of the biogeographical areas discussed below.
Distribution in Relation to Continents and Political Units
For this comparison the New World was divided into North America, South America, Mesoamerica, and the Caribbean, the last two categories combined in Table 4 . Three genera are confined to North America: Chasmanthium (Centotheceae), with four species in the eastern and southeastern USA and one species in northern Mexico, and two genera of Paniceae, Amphicarpum and Phanopyrum, with two and one species, respectively, in the southeastern USA. A total of 165 species of Panicoideae are endemic to North America. It is noteworthy that most of the endemic genera of Andropogoneae and Centotheceae are limited in their distribution to North America and Mesoamerica, with only a few species reaching northern South America (e.g., species of Calderonella, Tripsacum, and Zeugites). Two genera are endemic in Mesoamerica, Pohlidium (Centotheceae) in Panama and Zea (Andropogoneae), while four genera are confined to the Caribbean, specifically Cuba (Achlaena, Reynaudia, Scutachne, and Triscenia). A total of 115 species are endemic in Mesoamerica and the Caribbean.
A total of 18 genera are present only in South America: Agenium (Andropogoneae); Arundoclaytonia and Steyermarkochloa (Steyermarkochloeae); and Acostia, Altoparadisium, Anthaenantiopsis, Arthropogon, Canastra, Centrochloa, Gerritea, Ophiochloa, Oplismenopsis, Otachyrium, Plagiantha, Spheneria, Streptostachys, Tatianyx, and Thrasyopsis (Paniceae) . Some genera of Paniceae are primarily South American, but have one or a few species in Mesoamerica (e.g., Chaetium, Echinolaena, and Thrasya).
As can be observed in Table 5 , Brazil, Mexico, Venezuela, the Caribbean region, and Bolivia have the greatest number of species in Panicoideae, with more than 50% of the species in Brazil and 26-34% in the other countries. Also, Brazil, Mexico, USA, the Caribbean, and Venezuela account for the greatest number of endemic species. The distributions of the five largest genera in the subfamily are provided in Table 3 .
Distribution in Relation to Biogeographical Areas
For this analysis we used 15 of the subdivisions (regions and provinces) of Takhtajan's (1986) biogeographical classification of the world (Appendix 1). Species designated as endemic are those limited in their distribution to one of the Andean Region (AR).-This region extends along the Andean backbone of South America from Venezuela to northern Chile and Argentina. Highlands dominate, with mountain summits of ca. 5000-6000 m. A total of 65 endemic species are present at medium or high altitudes. Two are in monotypic genera (both Paspalinae) and have very limited, local distributions: Acostia gracilis in Ecuador and Gerritea pseudopetiolata near La Paz, Bolivia. Paspalum and Pennisetum account for more than 56% of the endemic species in the region, with 26 and 10, respectively. Amazonian Region (AMR).-This region includes the lowlands of the Amazon Basin, the coasts of Venezuela and its adjacent islands, Trinidad and Tobago, the greater part of Guyana, all of Suriname, all of French Guiana, and parts of northeastern Brazil. Tropical forests are characteristic. The two genera in Steyermarkochloeae, Arundoclaytonia and Steyermarkochloa, are endemic, along with 36 species in 11 other genera. Only four species are shared with the West Indian Province, while 13 are in common with central areas of the Brazilian Region, including the species in the monotypic genus Spheneria. 
Region of the Guiana Highlands (GUR)
.
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Distribution of Endemic Species in Relation to the Kranz Syndrome
There are several interesting geographic patterns of Kranz (C 4 ) and nonKranz (C 3 ) taxa. The North American Atlantic Region has 28 nonKranz species (38.89% of the total number of endemic species) and 42 Kranz species (58.33%), of which just two are of the PS subtype. Many of the nonKranz species belong to Dichanthelium, which is best represented in more temperate areas. On the other hand, the Madrean Region has more than 90% Kranz species. Of these, it is noteworthy that 27% are of the PS subtype, a subtype uncommon elsewhere in the New World. Possessing this subtype are 12 Panicum species, seven Urochloa species, and three Eriochloa species.
The percentage of Kranz species is also high in the Caribbean Region, with 97 species (79.5%). The Galapageian Province has five Kranz species and no endemic C 3 species. The West Indies Province has 48 Kranz species (44 MS, 4 PS). The Central American Province has 44 Kranz species, with just one species of the PS subtype. Only seven nonKranz species and one C 3 /C 4 intermediate species occur in the West Indies Province, while there are 17 nonKranz species in the Central American Province. A similar pattern is present in the Amazonian Region, where there are 27 Kranz species (26 MS, 1 PS) and seven nonKranz species. The proportion of Kranz to nonKranz species is more balanced in the Guiana Highlands, with 20 nonKranz species and 35 Kranz species, all of the MS subtype.
The distribution of Kranz species traditionally has been thought to be correlated with warm climates and low altitudes. However, in the Andean Region we found 61 species (92%) to be C 4 , 54 of the MS subtype and just seven of the PS subtype. Kranz species in genera such as Paspalum reach 4500 m elevation in this region.
Curiously, the percentage of C 4 species is lower than expected in the warm, low elevations of the Brazilian Region, with 284 Kranz species (76%). However, when considering the photosynthetic pathway by province within the region, 16 species (84%) are nonKranz in the Atlantic Province, where tropical rainforests dominate. The number of Kranz species increases in the Caatinga and Paraná provinces, with more than 80% Kranz species. In the Chacoan Province all endemics are C 4 , with several representatives of the Kranz genus Setaria. Finally, all species shared by the Paraná and Chacoan provinces, 31, are Kranz, while of the restricted species shared by the Uplands, Chacoan, and Paraná provinces, 39 (88%) are Kranz and three nonKranz. The Uplands Province of Central Brazil has 71% C 4 species, with Paspalum (56 spp.), Axonopus (16 spp.), and Mesosetum (13 spp.) most diverse. Within this province, Panicum is the richest among the genera possessing C 3 species, with 33 C 3 species and just two C 4 species. This study indicates that there are at least three centers of richness of C 4 taxa-the southeastern USA and Mexico, the Andean Region, and southern South America within the Chacoan and Paraná provinces. Our results for South America disagree with previous studies of the distribution of C 3 and C 4 grasses (Ellis et al. 1980; Hattersley 1983; Cabido et al. 1997 ) for other parts of the world. These authors all indicated that the number of C 4 grasses is greater as temperature and rainfall increase, which is correlated with relatively low elevations. In our analysis the percentage of nonKranz species increases from west to east and decreases from north to south, with lower values in the Andean Region and the southern portion of the Brazilian Region.
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